Abstract The computed tomography and MRI imaging findings in a case of pituitary duplication and epipharyngeal teratoma are described in a newborn baby girl with respiratory difficulties. Associated skull base and central nervous system malformations are presented. Teratoma diagnosis was confirmed by histology. The embryological pathogenesis is discussed.
Introduction
Pituitary gland duplication is an extremely rare malformation. Reviewing the current literature, we found that approximately 23 cases have been reported [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . The largest series includes five children from the Hospital for Sick Children, Toronto [13] . Pituitary gland duplication has been reported to occur in complex midline and skull base anomalies including partial twinning and median cleft face syndrome. Associated nasopharyngeal teratomas have been observed [5, 8, 12, 13, 15] . The exact knowledge of the spectrum of associated malformations increases diagnostic accuracy and could possibly result in a better understanding of the embryogenesis of the malformation. We present the imaging findings of a newborn baby girl with a nasopharyngeal teratoma and a complex of associated midline malformations including pituitary gland duplication.
Case report
A baby girl, born after an uneventful pregnancy of 38 weeks, presented with respiratory distress on day 1 of life. Physical examination raised the suspicion of a nasopharyngeal obstruction. Endoscopic examination showed a soft tissue mass protruding from the nasopharynx into the mesopharynx through a partially cleft palate. The lesion presented as a hairy mass with areas that resembled hemangiomatous components as well as ectodermal components including epidermis. She had MRI was performed on day 5 of life. A T1-and T2-heterogeneous soft tissue mass with inclusion of fatty components and calcifications was seen within the roof of the epipharynx in tight connection to the sphenoid bone (Fig. 1) . The maximal diameter was 2.8 cm. The mass protruded through a partially cleft palate into the dorsal part of the mesopharynx. The choanes were partially obliterated by the mass. MRI also showed a complete duplication of the pituitary gland including the pituitary stalk. The mammillary bodies and the tuber cinereum were fused into a single midline mass resulting in a thickening of the third ventricle floor. The olfactory bulb was lacking on one side. In addition, a partial duplication of the distal basilar artery was seen. Hypertelorism was confirmed; eye globes and optic nerves were without pathology. The central nervous system was otherwise normal; specifically, no additional midline malformations were seen.
Computer tomography (CT) was added on day 9 of life for a precise preoperative evaluation of the osseous skull base. CT showed a bony cleft within the sphenoid (Fig. 2) . A wide separation of the anterior clinoid processes was seen as well as a wide dorsal aspect of the bony nasal septum. The sella was separated into two distinct cavities containing both pituitary glands separated by a bony ridge. The epipharyngeal mass showed a mixture of hypodense fatty components (negative Hounsfield units) next to hyperdense bony and hypodense soft tissue contents indicative of a mature teratoma. The partially cleft palate was confirmed. Otherwise the skull base was unremarkable.
Ultrasonography of the abdomen did not show any additional malformations or midline defects. The bony skeleton including the entire spine was also without signs of fusion or segmentation anomalies.
The child was operated on 7 days later. The soft tissue mass could be resected without complications. Tumor histology confirmed the diagnosis of a mature teratoma (Fig. 3) . No cerebrospinal fluid leakage occurred. The surgical reconstruction of the cleft palate is planned at 18 months of age. The child is thriving and developing well since operation. Fig. 1 a Coronal T1-weighted precontrast and postcontrast spin echo (SE) (upper row) and T2-weighted fast SE (FSE) (lower row) magnetic resonance (MR) images. A full duplication of the pituitary gland including the pituitary stalk and the infundiblum as well as a fusion of the mammillary bodies and the tuber cineurum with thickening of the floor of the third ventricle is seen. b Coronal T1-weighted SE (left) and T2-weighted FSE (center and right) MRI. T1-hyperintense fat is seen within the nasophayrngeal teratoma (left). The coronal T2-weighted FSE image (center) reveals a normal left olfactory bulb, while the right olfactory bulb is lacking. In addition, a partial duplication of the distal basilary artery is observed (right). c Sagittal T2-weighted FSE MR image. A thickening of the floor of the third ventricle due to fusion of the mammillary bodies and the tuber cinereum is seen next to the heterogeneous partially T2 hyperintense and hypointense teratoma within the epipharynx adajcent to the sphenoid bone
Discussion
Pituitary duplication is a rare congenital malformation [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Several articles have described associated mal- formations involving the skull base, midline central nervous system structures and the epipharynx. In accordance with the previous reports, in our case all previously reported associated malformations were identified. Until recently the pituitary gland was believed to have a double embryonic origin [4, 8, 9, 11, 12] . The anterior lobe of the pituitary gland was believed to arise from the oral ectoderm, and the posterior lobe from the neuroectoderm. According to this embryological theory, a diverticulum (Rathke pouch) originating from the roof of the stomodeum fuses with the downward extending neurohypophyseal bud/diencephalic diverticulum. An early report dating back to 1957 in which Morton [9] studied a case of pituitary duplication questioned this theory. A pituitary duplication cannot be explained in this way. Morton assumed that a duplication of the prochordal plate and the anterior end of the notochordal process at the 15th-16th day of pregnancy would lead to a duplication of the stomatodaeal region as a whole, and to two areas of persisting contact between neural and surface ectoderms, resulting in two pituitary glands. Mesoderm is then believed to surround and separate the two stomatodaeal areas. In this way, normal structures would form laterally and duplications would occur medially.
Kollias et al. [8] reviewed the literature and support the theory of Morton by stating that notochordal duplication and subsequent prochordal plate duplication is a prerequisite for pituitary gland duplication. The same pathogenetic mechanism is also suggested for other central nervous system malformations, including diastematomyelia. Why a duplication of the prochordal plate and the anterior end of the notochordal process occurs remains unknown. Numerous factors, including maternal exposure to teratogenic factors, have been discussed [8] .
Similar to our case, several reports described associated epipharyngeal teratoma in cases of pituitary duplication [4, 8, 9, 11, 12] . It has consequently been hypothesized that midline inclusion dermoids early in pregnancy could result in a splitting of the pituitary gland primordium [12] . Whether the inclusion of mesenchymal structures, as a precursor of a teratoma, acts as a primary trigger that induces splitting of the notochord or whether the development of a teratoma results from the splitting of the notochord remains unclear. The occurrence of associated skull base and midline malformations in pituitary gland duplication could also indicate a multifactorial etiology.
In our case, ultrasonography excluded associated major abdominal malformations.
Further research focussed on the development of the hypophyseal-hypothalamic axis and the skull base is indicated. Reports of this extremely rare malformation, especially of the imaging findings, could possibly give more insight in the understanding of this complex malformation.
